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ABSTRACT 

Use has been made of cavities, machined in a typical hypervelocity 
impact target material, to evaluate methods used to measure volumes, 
depths,  and diameters of impact craters.    Depth and diameter meas- 
urement techniques in use have been found to produce errors, typically, 
of 0. 1 and 0. 5 percent,  respectively.   The liquid metering method of 
volume measurement has been found to produce large errors (7 to 
44 percent) when applied in conjunction with the saturation wetting 
which is common.   Wall coating and selective adjustment of wetting 
properties of the filling agent have been shown to provide effective 
means for minimizing meniscus errors; errors smaller than two per- 
cent result in cases where diameter is 0. 5 in. or more and total volume 
exceeds 0. 06 cc.   The latter technique is inapplicable to accurate meas- 
urement of the volumes of small craters (diameters of 0. 3 in. or less) 
wherein capillarity predominates; machining away of crater lips and 
metering level full produces more satisfactory results. 

in 
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SECTION   I 
INTRODUCTION 

The hypervelocity impact ranges of the von Karman Facility (VKF) 
are vised for determining the effects of the collisions of high speed, 
gun-launched projectiles with specially prepared targets.    The experi- 
mental results are applicable to the estimation of damage to space 
vehicles by meteoric particles and to evaluation of weapons systems. 
For thick targets* of any given material, the analytical correlations of 
impact phenomena are based on relationships among such parameters 
as:   characteristic crater dimensions; projectile velocity; projectile 
energy, projectile momentum, and material/physical properties and 
configuration of the projectile.   The characteristic crater dimensions 
which are customarily considered pertinent are diameter, depth,  and 
volume.   Exact definitions of these parameters appear later in this 
report. 

Many methods of determining the dimensions of craters produced 
in experimental work have been investigated in order to develop 
standardized procedures for use in the VKF.   Accuracy and adapta- 
bility to a simple production routine were considered most important 
in selecting the methods to be used.    The purpose of this report is to 
describe the methods which have been adopted and the accuracies in- 
herent within them. 

SECTION II 

EQUIPMENT AND RESOLUTION LIMITS 

A photograph of the major items of equipment used in measuring 
the crater dimensions is shown as Fig.  1.   The equipment consists of 
a micrometer syringe, a cathetometer,  an optical comparator table, 
a burette, and a modified depth micrometer with adaptor. 

The micrometer syringe is used to meter liquids into craters 
during the making of diameter and volume measurements by techniques 
described later in this report.   The syringe is customarily equipped 
with a No.  26 hypodermic needle,  and it is used only in work with 

*For the purposes of this report, "thick" targets are to be re- 
garded as those which are not perforated by the projectiles which im- 
pact against them. 
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craters having volumes of approximately 1. 5 cc or less.    The syringe 
has a total capacity of 2 cc, and the micrometer barrel is scribed in 
least subdivisions of 0. 002 cc, which equal the limit of volumetric 
resolution for any single filling operation.   (This assumes a least- 
count ambiguity of 0. 001 cc at both starting and stopping of the filling 
operation; increments of 0. 001 cc can be interpolated from the barrel 
scribings.) 

Larger crater volume measurements are made using the burette. 
The burette has a 150-cc reservoir and a 5-cc stem capacity.    The 
latter is scribed in 0.01-cc subdivisions.    Least increments of 0.005 cc 
can be interpolated,  and these establish a 0. 01-cc limit of resolution 
for crater volume measurements made with the burette. 

The cathetometer serves simply as an indexing device,  and it is 
used with the optical comparator table, as described later, to obtain 
measurements of crater diameter.   The comparator table traversing 
mechanism is equipped with a vernier whose least subdivisions enable 
reading 0. 0001-cm increments.   .Thus,  the limit of resolution for any 
given measurement of diameter becomes 0. 0002 cm. 

The depth micrometer,   modified as later described,  and its 
adaptor are used in the measurement of crater depths.    The technique 
used,  which is also described later,  involves taking the difference 
between two micrometer readings to produce each individual measure- 
ment of depth.   Since the micrometer vernier scale enables interpola- 
tion of 0. 0001-in. increments, the limit of resolution for depth meas- 
urements becomes 0. 0002 in. 

SECTION  II! 
MEASUREMENT TECHNIQUE 

3.1   CRATER VOLUME 

Crater volume is defined as the volume of the void enclosed 
beneath the original target surface and is determined by metering a 
liquid into the crater.    This is done with the target leveled on the com- 
parator table.    To determine when sufficient liquid has been added, the 
metal indicator shown in Fig.  2 is used.    The indicator is positioned 
as shown,  and the solution is metered into the crater by the syringe or 
the burette, whichever is appropriate to the volume being measured. 
The center leg of the indicator is observed through the cathetometer, 
and the filling operation is halted at the instant of contact between the 
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center leg of the indicator and the liquid.    Volume is taken as the differ- 
ence between syringe (or burette) readings before and after filling. 
Several volume measurements are customarily made for each crater, 
and the reported volume is the average of these.   To better enable ob- 
servation of the liquid surface, a dye is used.    Distilled water is the 
usual fluid, and 0. 1 gm of methylene blue per gallon of water produces 
a satisfactory coloring. 

To minimize error in the volume measurement attributable to 
meniscus formation,  control of the wetting properties of the filling 
agent must be exercised.   Special treatment of the crater wall is also 
sometimes necessary.   These precautions are discussed in detail 
later in this report. 

3.2 CRATER DIAMETER 

Crater diameter is defined as the average of wall-to-wall meas- 
urements made in the plane of the original target surface.    These 
measurements are made using the cathetometer and the optical com- 
parator table.    The crater is filled with a liquid solution whose level 
is made to occupy the plane of the original target surface, by the tech- 
nique described above.   The cathetometer is moved until the cross-hair 
is at right angles to the direction through which the comparator table 
is to be traversed and tangent to the crater wall at the solution level. 
The table of the optical comparator is then traversed until the cathe- 
tometer cross-hair falls tangent to the opposite wall of the crater at 
solution level.   The distance through which the optical comparator 
table has traveled is noted.    The target is then rotated through 45 deg, 
and the measurement is made again.   The average of four such read- 
ings is the reported crater diameter; this insures that some account 
will be taken of irregularities in crater shape. 

In the cases of craters of extremely irregular shape, as are often 
formed in very brittle target materials,  an alternative technique is 
used.    The crater lips are milled to the level of the original target 
surface,  and a sheet of thin tracing paper is placed over the target 
face.   A planimeter tracing of the crater periphery is made at the 
target face to produce a measure of area.    The average of several 
such area measurements (usually three) is taken,  and the reported 
effective crater diameter is the diameter of a circle having equal area. 

3.3 CRATER DEPTH 

Crater depth is defined as that dimension, taken normal to the 
original target face, which separates the deepest portion of the crater 
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from the plane of the original target face.   Crater depth is determined 
using a depth micrometer with an adaptor (Fig.  3).   The micrometer 
has been modified by the machining of its spindle to a conical point. 
The depth measurements are made by first adjusting the micrometer 
spindle to contact the plane of the original target surface.   This pro- 
vides the zero reference reading.   The spindle is then adjusted to con- 
tact the apparent deepest portion of the crater,  and the difference 
between the two measurements is taken as the crater depth.   The aver- 
age of several readings (usually four) is the reported crater depth.   It 
is recognized that there can be only one maximum crater depth; the 
purpose of averaging is to discount the effect of small irregularities in 
the crater floor. 

SECTION  IV 
ACCURACY OF MEASUREMENTS 

4.1   PREPARATION OF "STANDARD" CRATERS 

To assess the accuracies with which crater measurements can be 
made by the techniques described above, three right-circular cylin- 
drical cavities were machined in blocks of 1100-F aluminum,  a typical 
target material.   The diameters and depths of these machined cavities 
were chosen as being typical of those commonly encountered in impact 
test work and were measured by standard precision machine shop 
methods to accuracies of ±0. 0001 in.   These measurements appear in 
Table I, and they serve as standards of comparison in the following 
evaluations of the accuracies of the crater measurement techniques. 

4.2 VOLUME 

Volume measurements are, as a rule, the most difficult to make 
accurately.   This is attributable to the error introduced by the forma- 
tion of a meniscus, having finite volume, at the liquid surface-crater 
wall intersection.*   Of course, control over the angle of contact at 
this intersection is desirable, since such control could be used to 
minimize or preclude this source of error.   However, the contact 
angle is difficult to control.   It varies with temperature and composition 

^Assuming a hemispherical crater and discounting capillarity,  it 
can be shown that error in volume measurement attributable to 
meniscus formation varies inversely as the square of crater diameter. 
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of the liquid solution used and with changes in the materials and in the 
cleanliness of the materials with which the solution is brought in con- 
tact.   (Reference 1 discusses these and related effects.)   Owing to the 
difficulty with which contact angle is controlled, most such work in the 
VKF (Ref.  2) and elsewhere (Refs.  3 and 4) has relied upon minimizing 
the contact angle.   Reference 2 describes such a technique, recom- 
mends the use of water diluted to a one-percent solution of Alconox®, 
a commercial wetting agent, and shows photographic evidence of the 
saturation wetting which results. 

In order to evaluate the accuracy of the volume measurement re- 
sults which may be obtained with saturation wetting, the machined 
cavities, described above, were used as standard craters.    For this 
evaluation,  a modified liquid level indicator was made in a design 
which enabled assessment of meniscus errors.    The center leg of the 
indicator extended beyond the others by 0. 1 in. (Fig.  4).    This de- 
pressed the level of the liquid surface to be observed so that it fell 
within the cavity.   In this way,  the presence of a crater lip was simu- 
lated, and a wall contact favorable to meniscus formation was provided. 
The walls of the machined cavities were cleaned with acetone, rinsed 
with distilled water, and the cavity volumes were measured using the 
technique already described and the one-percent Alconox-distilled 
water solution recommended in Ref.  2.   The measured volumes were 
compared with the effective volumes of the cavities,  as calculated 
using measured depths, less the amount of the indicator center leg 
extension,  and measured diameters.   Results appear in Table II. 
Errors of 7.16 to 44 percent are evident.   All measurements produced 
negative errors,  as would be expected for wet-wall menisci (contact 
angles* less than 90 deg). 

It is easily demonstrated that the cleaned metallic walls of craters 
in target materials usually encountered in impact work are wetted even 
by distilled water to which no wetting agent has been added.    Therefore, 
no adjustment of wetting agent concentration in water can be expected 
to produce other than finite, negative, volume measurement errors. 
To establish control over the angle of contact and minimize meniscus 
errors, it would seem prudent to commence with a solution which would 
produce the dry-wall case, and increase the concentration of a wetting 

*Contact angle is defined as that angle,   measured within the liquid, 
which is made with an element of the container wall by an intersecting 
element contained in the surface of the liquid,  at the point of liquid- 
wall contact.   Thus, wet-wall cases are characterized by contact angles 
less than 90 deg and dry-wall cases by angles greater than 90 deg. 
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agent until an optimum solution was reached.    However, there are few, 
if any,  nonvolatile,* noncorrosive materials which are liquids at room 
temperature, which do produce contact angles greater than 90 deg in 
metal walled vessels, and for which wetting properties can be con- 
trolled by adjustment of solution.    (A near exception is that of pure 
water in a silver vessel,  for which a contact angle close to 90 deg re- 
sults. )   Furthermore,  a variety of target materials and a variety of 
projectile materials (which contaminate crater walls) are common in 
this work,  and no single, nonvolatile, liquid filling agent is likely to 
exist which will be universally well suited to optimizing accuracy of 
volume measurements for a variety of primary materials contaminated 
by a variety of secondary materials.    This suggests that a separate 
evaluation and adjustment of the filling agent would be necessary with 
each change in target or projectile material in order to produce an 
optimum for the case at hand. 

Figure 5 shows the results of an expedient which avoids these diffi- 
culties in most cases where crater size is such that capillarity is 
negligible.   The machined standard cavities were cleaned with acetone 
and flushed with distilled water.   The cavity walls were then sprayed 
with an aerosol,  containing tetrafluoroethylene polymer solids, to pro- 
duce a thin film coating.    Thus treated, the cavity walls are not wetted 
by distilled water.   Volume measurements were made using the modi- 
fied liquid level indicator,  as before, and commencing with dyed dis- 
tilled water and then progressing through increasing concentrations of 
the Alconox wetting agent.   Each data point plotted in Fig. 5 represents 
the average of volumes measured during four fillings.   It is seen that 
this wall coating technique provides a means for control over contact 
angle, hence meniscus error, and that the composition of the filling 
solution can now be conveniently optimized.   Optimum concentration of 
wetting agent for cavities Nos,   2 and 3 appears,  from Fig.  5 to be 
about 0. 05 percent by weight.   A solution in this concentration was used 
to measure the volumes of these cavities.   The results appear in 
Table III, where it is seen that errors no larger than one percent re- 
sulted.    Data scatter did not exceed two percent.    (For the purposes of 
this report, data scatter is defined as shown in the footnotes of Table III.) 
This wall treatment technique has now become standard in the VKF for use 
in the measurement, with improved accuracy,  of the volumes of craters 
of these and larger sizes. 

♦Volatile filling agents are to be avoided because of the errors 
which result from evaporation during the volume measurement 
process. 

6 
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As might have been expected,  effects of capillarity rendered the 
case of the smallest cavity (No.  1) profoundly bi-stable (Fig.  5).   Large, 
more-or-less constant, positive errors appeared for measurements 
made by careful filling using the micrometer syringe.    Mechanical agi- 
tation during filling enhanced wetting and yielded large negative errors 
for the same concentrations of wetting agent.   Note, however, that none 
of the wet-wall cases shown in Fig. 5 produce error values approach- 
ing the 44-percent figure which resulted for the same cavity through the 
use of the previous technique of saturation wetting (Table II).   Some 
investigators (Ref. 5) have found that impact craters of such small size 
are dealt with effectively by removing the crater lips to the level of the 
original target surface and then filling level full with the liquid used. 
This technique excludes both meniscus and capillary errors but intro- 
duces the inconvenience of a machining operation and sometimes the 
risk of error in volume measurement owing to chipping at the crater 
edges, if the target material is brittle.   To evaluate the accuracy of 
this technique, machined cavity No.  1 was cleaned as before and filled 
level full,  as determined using the unmodified liquid level indicator 
shown in Fig.  2.   The micrometer syringe was used in the filling oper- 
ation, which was carried out with the 0. 05-percent Alconox solution. 
There was no scatter in four consecutive measurements of the cavity 
volume.   Volume measurement error was 0.17 percent.   The numeri- 
cal results are summarized in Table IV.   Machining away of crater 
lips and volume measurement by this technique is now standard in VKF 
work with impact craters in this and smaller sizes, where capillarity 
effects predominate. 

Since sloping crater walls are frequently found in impact work, 
adaptation of the improved method of volume measurement to use with 
other than vertical walls is of practical interest.   Six additional cavi- 
ties, having sloping walls of various angles, were machined in alumi- 
num for use as standards for a further evaluation of the improved tech- 
nique.    References 6 and 7 describe methods for the measurement of 
contact angle,  and these methods were used to produce the data shown 
plotted in Fig, 6.   Wall treatment and filling agent combinations were 
selected from Fig. 6 to accommodate the sloping wall angles of the 
machined cavities,  and volume measurements were made as before. 
Results are presented in Table V, where it is evident that control of 
contact angle to reduce meniscus by the technique described here 
enables volume measurements with errors not greater than ±2 percent. 

If effectively applied, the wall coating which makes up an essen- 
tial part of the improved method of volume measurement makes the 
accuracy of the measurement independent of the kind of target material 
used.    Furthermore,  displacement of the liquid filling agent by the wall 
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coating is easily discounted as a significant source of error.   Only the 
narrow band of crater wall which will serve as a shoreline for the 
filling agent need be coated; the remainder is easily masked during 
exposure to the aerosol.   This masking precaution was not taken in the 
work reported here,  and cavity interiors were coated throughout.   As 
a result, any contribution to total errors which might be made by this 
displacement effect appears, multiplied several times over, in the 
error assessments here. 

The evaporation rate of the Alconox-water solutions is less than 
one percent per hour,  as determined using a 0. 67-in. -diam hemi- 
spherical crater under conditions of room temperature,  ambient pres- 
sure,  and relative humidity closely approximating those customary 
during the making of crater measurements in the VKF.   Since meas- 
urements are customarily made within 5-minute durations,  the volume 
measurement error attributable to evaporation is considered negligible. 

4.3  DIAMETER 

The diameters of the three machined cylindrical cavities were 
measured, by the cathetometer technique described in Section 3. 2,  for 
comparison with the "as-machined" measurements of these same 
dimensions.   The results appear in Table VI.   Scatter among the re- 
peated diameter measurements for any given cavity did not exceed two 
percent.   The average scatter in diameter measurements for the three 
cases was 0. 86 percent.   The error in diameter measurement,  aver- 
aged for all cases, was 0. 46 percent,  and in none of the individual 
cases did the error exceed 1.04 percent. 

It must be noted that the presence of a meniscus will have an influ- 
ence upon the measurement of crater diameter by this technique. 
Therefore,  minimizing the meniscus is important to the accuracy of 
diameter measurement, as well as to the accuracy of volume measure- 
ment. 

The accuracy of measuring the effective diameters of irregularly 
shaped craters by the planimeter technique described in Section 3. 2 
was evaluated by using the planimeter to trace the outline of a figure of 
irregular shape whose area had been determined previously by separate 
means.   Scatter among repeated measurements of area did not exceed 
3 percent, and error in area measurement,  averaged for the customary 
three readings,  was 1.8 percent.    Since area varies as the square of 
diameter, scatter in effective diameter measurements of 1.5 percent 
and error of 0. 9 percent are implied for this technique. 
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4.4 DEPTH 

As Table VI indicates,  depth measurements made by the technique 
outlined in Section 3. 3 were repeatable within one-percent scatter 
limits.   None of the depth measurement errors exceeded 0. 27 percent, 
and the overall average error, for all cases, was -0.05 percent.   In 
the measurement of cavity depth by the technique used here, little 
human judgment or skill enters.    (Note that this is not the case in the 
measurement of volume or diameter, where skill in liquid metering 
and judgment of liquid level are involved.)   Therefore, the existence 
of finite errors in the case of depth measurement evaluation implies 
disagreement in calibration between the depth gases used:   {1) in the 
initial "as-machined" measurement of cavity depth and (2) in the later 
measurement of depth by use of the micrometer with its adaptor 
(Fig. 3).   In no case did the absolute disagreement between these two 
measurements of depth exceed 0. 0004 in.    That values of scatter are 
small among the depth measurements is attributed not only to the 
absence of skill and judgment factors, but to the fact that the machined 
cavities have smooth floor surfaces.    Craters produced by hyper- 
velocity impacts have floor surfaces the roughness of which varies 
with the selection of materials and test conditions. 

SECTION V 
DISCUSSION AND CONCLUSIONS 

Cavities machined into typical hypervelocity impact target mate- 
rials, and having critical dimensions similar to those of impact 
craters,  are useful in evaluations of measurement techniques applied 
in determining crater volumes, diameters,  and depths.   When so 
evaluated,  impact crater diameter and depth measurement methods in 
use in the VKF have produced maximum errors of 1. 04 and 0. 3 per- 
cent, respectively.   The previously used saturation wetting technique 
of crater volume measurement has been shown to produce appreciably 
larger errors than does a technique which makes use of wall coating 
and adjustment of the wetting properties of the filling agent to mini- 
mize meniscus through contact angle control.   The latter technique 
appears to be applicable to any metallic materials and produces volume 
errors of less than two percent in work with cavities machined in 
aluminum.   The wall coating technique is of no value in cases involving 
small cavities in which effects of capillarity predominate.   In such 
cases, volume measurement errors may be minimized by the more 
tedious machining away of crater lips and metering to level fill. 

9 
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While evaluations of these kinds are of convenience in establishing 
confidence in measurement techniques, or in guiding the choice of one 
technique from among several under consideration, their worth is 
limited by an obvious failure in similitude: 

Walls and floors of the machined cavities are smooth,  and their 
geometry is regular; whereas impact crater walls and floors have 
varying degrees of roughness, depending upon the materials 
selected,  and their geometry may be quite irregular.   These dif- 
ferences must always be expected to produce more optimistic 
values of data scatter among diameter and depth measurements 
for machined cavities than will be found in actual impact crater 
measurement work.   Data scatter and error values which become 
evident for the machined cavities will approach limits which are 
characteristic of the technique of measurement and of the particu- 
lar items of equipment which are used.    The influence of differ- 
ences in smoothness and geometry upon volume measurement is 
more problematical.   The aerosol surface treatment of rough 
crater walls might be expected to seal surface crevices, thus pro- 
ducing erroneous measurements.    However, the viscosity of the 
aerosol vehicle is low,  and voids appear more often to be coated 
internally than sealed.    Furthermore, the total volume of the wall 
coating material which is added can be made approximately the 
same in both the machined cavity and in the crater cases; there- 
fore,  error introduced as a result of displacement of the metered 
liquid by the wall coating material is taken into account in the case 
of the error evaluations using machined cavities. 
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TABLE I 
'AS MACHINED" DIMENSIONS OF STANDARD CAVITIES- 1100-F ALUMINUM 

Cavity 
No. 

Diameter f 
in. 

Depth, 
in. 

Computed 
Volume* 

0.0106 in.3 

0.1737 cc 

Modified 
Computed 
Volume** 

1 0.3008 0.1498 0.00326 in.3 

0.0535 cc 

2 0.5000 0.3000 0.0589 in.3 

0.957 cc 
0.0384 in.3 

0.629 cc 

3 0.8003 0.4998 0.2514 in.3 

4.11 cc 
0.2000 in.3 

3.28 cc 

♦Volumes listed here are computed from the depths and 
diameters, as machined.  Depths and diameters were measured 
by standard precision machine shop practices. 

♦♦Volumes listed here are computed from the depths, less 
the 0.1-in. extension of the liquid level indicator described 
in the text and shown in Fig. 4, and the diameters, as ma- 
chined . 
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TABLE   II 
1 PERCENT ALCOMOX STANDARD CAVITY VOLUME MEASUREMENTS 

Cavity 
No. 

1 

2 

3 

"As-Machined" 
Modified 
Computed 

Volume.* cc 

Average 
Measured 

Volume.** cc 

0.0535 0.076 
(syringe) 

0.629 0.715 
(burette) 

3.28 3.515 
(burette) 

Percent 
Error *** 

-44.0 

-13.7 

-7.16 

♦Volumes listed here are computed from the cavity depths, 
less the 0.1-in. extension of the liquid level indicator de- 
scribed in the text and shown in Fig. 4, and the cavity diam- 
eters, as machined. 

♦♦Measured volumes shown represent averages of four cavi- 
ty fillings using syringe or burette, as indicated, and a 
solution of 1 percent Alconox, by weight, in distilled water 
dyed with 0.1-gm methylene blue per gallon.  Before filling, 
cavities were cleaned with acetone and flushed with distilled 
water. 

♦♦♦Percent Error = 100 x (Modified Computed Volume - 
Average Measured Volume)/Modified 
Computed Volume) 

20 



AEDC-TR-66-61 

TABLE III 
0.05 PERCENT ALCONOX STANDARD CAVITY VOLUME MEASUREMENTS 

Cavity 
No, 

"As-Machined" 
Modified 
Computed 

Volume,* cc 

0.629 

Measured 
Volume.** cc 

0.625 
0.630 
0.625 
0.630 

Percent 
Error*** 

Percent 
Scatter**** 

2 

Average 0.628 +0.16 0.796 

3 3.28 3.280 
3.330 
3.300 
3.335 

Average 3.311 -0.91 1.65 

♦Volumes listed here are computed from the cavity depths, 
less the 0.1-in. extension of the liquid level indicator de- 
scribed in the text and shown in Fig. 4, and the cavity di- 
ameters, as machined. 

♦♦Measurements shown were made using the burette and a 
solution of 0.05 percent Alconox, by weight, in distilled 
water dyed with 0.1-gm methylene blue per gallon.  Before 
tetrafluoroethylene wall treatment, cavities were cleaned 
with acetone and flushed with distilled water. 

***Percent Error 

♦♦♦♦Percent Scatter = 

100 x (Modified Computed Volume - 
Average Measured Volume)/(Modified 
Computed Value) 

100 x (High Reading - Low Reading)/ 
(Average Reading) 
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TABLE IV 
CAVITY NO. 1 VOLUME MEASUREMENT -LEVEL FILL 

"As-Machined" 
Computed Measured Percent Percent 
Volume.* cc Volume,** cc Error*** Scatter**** 

0.1737 0.174 
0.174 
0.174 
0.174 

Average  0.174       -0.17 0.00 

♦Volume listed here is computed from total cavity depth 
and diameter, as machined. 

**Measurements shown were made using the micrometer sy- 
ringe and a solution of 0.05 percent Alconox, by weight, in 
distilled water dyed with 0.1-gm methylene blue per gallon. 
Before filling, cavity was cleaned with acetone and flushed 
with distilled water. Cavity was filled level full, as de- 
termined using liquid level indicator shown in Fig. 2. 

♦♦♦Percent Error  - 100 x (Computed Volume - Average 
Measured Volume)/(Computed Value) 

****Percent Scatter = 100 x (High Reading - Low Reading)/ 
(Average Reading) 
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TABLE V 
SLOPING WALL STANDARD CAVITY VOLUME MEASUREMENTS 

Wall 
Angle 
(See 

Sketch), 
deg 

Wall 
Treatment 

Percent 
Alconox 

by Weight 

"As-Machined" 
Modified 
Computed 
Volume,* 

cc 

Average 
Measured 
Volume 
(Syringe) , 

ec 
Percent 
Error** 

80 TTE*** 0.2 0.790 0.778 +1.52 

75 TFE 0.6 0.608 0.618 -1.64 

70 IM**** 0.05 0.429 0.421 +1.75 

65 IM 0.1 0.288 0.287 +0.347 

55 IM 0.15 0.126 0.126 0.00 

50 IM 0.3 0.079 0,080 -1.65 

♦Volumes listed here are computed from the cavity depths, 
less the 0.1-in. extension of the liquid level indicator de- 
scribed in the text and shown in Fig. 4, and the cavity di- 
ameters, as machined. 

♦♦Percent Error 100 x (Modified Computed Volume - 
Average Measured Volume)/(Modified 
Computed Volume) 

***Tetrafluoroethylene solids, applied as aerosol-spray 

****Isobutyl methacrylate, applied as aerosol spray 

Wall 
Angle 
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SCATTER AND ACCURACY IN DIAMETER AND DEPTH MEASUREMENTS 
,1As-MachinedM Measured Measurements 

Cavity 
No. 

Diameter, 
in. 

Depth, 
in. 

3 

Diameter, 
in. 

Depth, 
in. 

Percent 
Scatter* 
Diameter 

0.437 

Percent 
Error** 
Diameter 

+1.04 

Percent 
Scatter* 

Depth 

0.333 

Percent 
Error** 
Depth 

1 0.3008 0.1498 

Average 

0.2983 
0.2970 
0.2971 
0.2976 
0.2977 

0.1499 
0.1502 
0.1504 
0.1504 
0.1502 -0.267 

2 0.5000 0.3000 

Average 

0.4968 
0.4978 
0.4940 
0.5031 
0.4979 

0.3003 
0.3002 
0.3000 
0.3001 
0.3002 1.828 +0.42 0.999 -0.067 

3 0.8003 0.4998 

Average 

0.8025 
0.8001 
0.8004 
0.8010 
0.8010 

0.4992 
0.4995 
0.4997 
0.4992 
0,4994 0.300 -0.0875 0.100 +0.080 

Average 0.855 +0.457 0.477 -0.051 

o 

I 
en 

♦Percent Scatter 

♦♦Percent Error 

High Reading - Low Reading  -,QQ 

Average Reading 

"As-Machined" Value - Average Measured Value   1Q„ 

"As-Machined" Value 
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